The use of height data to measure living standards is now a well-established method in economic literature. Although blacks and whites today reach similar terminal statures in the United States, nineteenth-century African American statures were consistently shorter than those of whites. Greater insolation (vitamin D production) is documented here to be associated with taller black statures. Black farmers were taller than workers in other occupations, and, ironically, black youth statures increased during the antebellum period and decreased with slavery's elimination.
This article uses a new data source from several U.S. state prison records to address two paths of inquiry into the statures of African Americans born between 1800 and 1899. The first path considers how black stature varied by nativity. Southern blacks were taller than Northern blacks, even though both were subject to overt forms of discrimination, which resulted in material and biological disparity, and free Northern blacks may not have fared as well as their Southern counterparts. 9 This suggests an influence, as yet unconsidered, on black stature. The second path considers the biological relationships between black stature, socioeconomic status, and birth period.
GEOGRAPHY, MARKET VALUATIONS, AND HUMAN BIOLOGY
An unexplored source for taller Northern black statures may be related to biology, especially its relation to geography.
10 Calcium and vitamin D are required throughout life for healthy bone and teeth formation; however, their abundance is most critical for healthy skeletal development at younger ages.
11 Calcium generally comes from dairy products, and vitamin D is produced by the synthesis of cholesterol and sunlight in the epidermis' stratum basale, granulosum, and spinosum.
12
Greater direct sunlight (insolation) produces more vitamin D, and vitamin D is related to adult terminal stature. 13 However, vitamin D production also depends on melanin in the stratum corneum.
14 Greater melanin (skin pigmentation) in the stratum corneum interferes with cholesterol's synthesis into vitamin D in the stratum granulosum, and darker pigmentation filters between 50 to 95 percent of the sunlight that reaches the stratum granulosum.
15 Therefore, darker skin is considerably less efficient than lighter skin at producing vitamin D, and darker skin is more common in Southern latitudes where more hours of direct sunlight offset inefficient vitamin D production. 16 In the United States, Southern states are closer to the equator and receive more insolation, while Northern states are farther from the equator and receive less direct sunlight.
and Howard Bodenhorn point to nineteenth-century Southern social practices to explain the difference. 18 An additional explanatory variable for taller mulatto statures may be biological. Lighter colored blacks were taller than darker blacks because less melanin in the stratus corneum allowed more sunlight to penetrate the stratum granulosum, producing more vitamin D, leading to taller mulatto statures. Furthermore, the fifteenth through eighteenth centuries' black Diaspora from Africa to North American latitudes placed blacks into geographic regions where they received less direct sunlight and produced less vitamin D; therefore, the growth of blacks in the North may have been affected. 19 Consequently, hours of direct sunlight are used here to explain black stature variation.
DATA

Prison Records
The data used to study black stature are drawn from a large nineteenthcentury U.S. prison sample. All state prison record repositories were contacted and available intake records were acquired and entered into a master data set. 20 These prison records are from Arizona, California, Colorado, Idaho, Illinois, Kansas, Kentucky, Missouri, New Mexico, Ohio, Oregon, Pennsylvania, Texas, and Washington state penitentiaries. Because we focus on black male statures, females, whites, and immigrants are excluded from the analysis. 21 Between 1830 and 1920, prison officials routinely recorded the dates inmates were received, age, complexion, nativity, stature, pre-incarceration occupation, and crime. All records with complete age, stature, occupations, and nativity were included. Physical descriptions were recorded with great care by prison enumerators at the time of incarceration as a means of identification, and therefore reflect pre-incarceration conditions. For example, any inmates' statures were recorded at quarter-, eighth-, and even sixteenth-inch increments.
All historical height data have selection biases, and military and prison records are the most common sources for historical height data.
One common shortfall of military samples is a truncation bias imposed by minimum stature requirements. 22 Fortunately, prison records do not suffer from such a constraint and the subsequent truncation bias observed in military samples. However, prison records are not above scrutiny. One potential bias inherent in prison records is they may be drawn from lower socioeconomic groups, although this may itself be an advantage, because lower socioeconomic groups are more vulnerable to the health, and therefore, stature consequences of economic change. 23 Arrests and prosecution patterns associated with different state legal regimes or differential application of state laws and regulations may have resulted in various selection biases that may affect the results of this analysis. However, black stature variation within U.S. prisons is consistent with other nineteenth-century black stature studies.
24
Fortunately, inmate enumerators were quite thorough when recording inmate complexion and occupation. For example, enumerators recorded inmates' race in a complexion category, and African Americans were recorded as black, light-black, dark-black, and various shades of mulatto. 25 While mulatto inmates possessed genetic traits from both European and African ancestry, they were treated as blacks in the nineteenthcentury United States and are grouped here with blacks. However, when appropriate, mulattos are distinguished from blacks in the analysis that follows. Enumerators recorded a broad continuum of occupations and defined them narrowly, recording over 200 different occupations, which are classified here into four categories: merchants and high-skilled workers are classified as white-collar workers; light manufacturing, craft workers, and carpenters are classified as skilled workers; workers in the agricultural sector are classified as farmers; and laborers and miners are classified as unskilled workers. 26 Unfortunately, inmate enumerators did not distinguish between farm and common laborers. Because common laborers probably faced less favorable biological conditions, later regression results likely overestimate the biological benefits of being a common laborer and underestimate the advantages of being a farm laborer. Figure 1 's unit of measurement is in inches, however is converted to centimeters in the results that follow. First, each youth age category's average stature is calculated. Second, each observation is then divided by the average stature for the relevant age group (Komlos, "Height and Weight, " p. 899) . Source: See Table 2. Because the youth height distribution is itself a function of the age distribution, a youth height index is constructed that standardizes for age to determine black youth stature normality. First, each youth age category's average stature is calculated. Second, each observation is then divided by the average stature for the relevant age group.
27 Figure  1 demonstrates an approximately normal distribution for black statures. Table 2 presents the proportions for black inmates' age, birth decades, occupations, and nativity. Although average statures are included, they are not reliable because of possible compositional effects, which are accounted for in the regression models presented later. Age percentages demonstrate that black inmates were incarcerated at young ages, and mo st prisoners were born in the late nineteenth century. Occupations 
U.S. Insolation
To account for the relationship between vitamin D and black stature, a measure is constructed that accounts for solar radiation.
Insolation is the incoming solar radiation that reaches the earth, its atmosphere, and surface objects. Insolation is also the primary source of vitamin D.
29 Before their forced migration to North America, these Africans were exposed to considerable insolation, which was significantly greater than the insolation received by their progeny in the United States. Because of its size, Africa has a large insolation variation, and because of its proximity to the equator, its average insolation is greater than the insolation received in the United States. For example, from a random sample of western African sites, West Africa receives approximately 5.6 hours of direct insolation per day with a standard deviation of 0.53 hours; however, the United States only receives 4.10 hours of direct sunlight per day with a standard deviation of 0.61 hours, and the difference is significant at acceptable levels.
30
Because U.S. historical insolation is unavailable, a modern insolation index (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) is constructed, and monthly insolation values are measured from January through June. The insolation index measures statewide average insolation levels across each of the states based on the hours of direct sunlight per day at county centroids in each state.
31 Each state estimate was determined by summing the average hours of direct sunlight for each county (at its centroid), weighted by the proportion of the county's total land area (in square miles) to the state's total land area (in square miles). While this index is a rough approximation for historical insolation, it provides sufficient detail to capture state latitudinal insolation variation and consequently, vitamin D production. Predictably, Southern states have greater insolation than Northern states. For example, Texas receives 1.43, or 29 percent, more hours of direct sunlight per day than New York. It is also difficult to interpret insolation's net direct effect on human health, because greater insolation reduces calories required to maintain body temperature and produces more vitamin D, but greater insolation also warms surface temperatures, which may have made disease environments less healthy from waterborne diseases, especially in the South. 32 29 Hollick, "Vitamin D Deficiency," p. 270. 30 Western African sites include Ouagadougou, Burkina Faso; Yaoundé, Cameroon; Bangui, Central African Republic; Accra, Ghana; Gambia, Gambia; Conakry, Guinea; Liberia; Nouakchott, Mauritania; Niamey, Nigeria; Freetown, Sierra Leone; and Dakar, Senegal.
31 Insolation is not the insolation in the county that surrounds the state's centroid, but insolation in each county's geographic center. The range of state insolation values extends from Maine's minimum of 3.43 hours of direct sunlight to Arizona's maximum of 5.22 hours of direct sunlight per day. 32 Steckel, "Work, Disease, and Diet," p. 501.
SOCIOECONOMIC STATUS, GEOGRAPHY, INSOLATION, MIGRATION, AND AFRICAN AMERICAN STATURE
Nineteenth-century black biological conditions were related to age, socioeconomic status, birth cohorts, and nativity; they may have also been related to insolation, which determined vitamin D production. We will test which of these variables were associated with the height of nineteenth century African Americans. To start, stature for the i th individual is related to age, socioeconomic status, birth period, nativity, and insolation. 
Dummy variables for individual youth ages are from 14 through 20; adult age dummies are for ten-year age categories from the 40s through the 70s. Birth decade dummies are in ten-year intervals from 1800 through 1899. Occupation dummies are for white-collar, skilled, farmers, and unskilled workers. Nativity dummy variables are included for birth in Northeast, Middle Atlantic, Plains, Southeast, Southwest, and Far West regions. A dummy variable accounts for migration status, and continuous insolation and insolation difference variables between receiving and sending location are added to account for insolation and vitamin D production. Table 3 presents five models that regress black stature on age, birth cohorts, occupations, nativity, and insolation. Models 1 and 2 present separate youth and adult stature regressions on dummy variables to account for these characteristics. Model 3 pools both youth and adult samples and presents stature regression models on the same characteristics. Model 4 restricts the sample to only blacks born in the South before emancipation. Model 5 considers all blacks born after emancipation.
The positive coefficients on insolation variables illustrate that blacks born in states that received more insolation were taller than blacks who lived in areas that received less insolation (Table 3) . Therefore, insolation and vitamin D probably influenced nineteenth-century black stature, which is supported by modern population studies. 33 An additional hour of direct sunlight was associated with nearly one centimeter taller black statures, indicating that part of shorter black statures in Northern latitudes may have been attributable to their physical presence in Northern latitudes where, due to higher melanin levels in their skin, they were less likely to produce enough vitamin D and grow as tall. 34 For several other categories, expected patterns hold. Consistent with the Komlos-Rees hypothesis, black inmate statures increased during the antebellum period and temporarily declined during the postbellum period (Tables 3 and Figure 2) . 35 Between 1840 and 1890, black youth statures increased by nearly two centimeters, while adult statures remained approximately constant throughout the period, though adult statures also increased during the antebellum era. 36 Both youth and adult statures in the late nineteenth century probably increased with higher black incomes, and blacks in the postbellum period devoted a higher share of their incomes to food acquisition. 37 Farmers were taller than nonfarmers, and farmers benefited from their close proximity to nutritious diets and mild disease environments; average black unskilled and field hand workers were taller than household servants and skilled slaves. 38 Workers in occupations with greater exposure to direct sunlight may have also grown taller because they were exposed to greater insolation as children and produced more vitamin Black statures also varied regionally, and Southwestern blacks reached the tallest statures. During the antebellum period, slaves were shielded from income and price variation, and although Southwestern slavery was arduous and demanded many calories for work, Southwestern slaves lived in more recently settled and productive farmlands. 41 After slavery, Southwestern blacks were exposed to greater income variation and were unprepared for economic activity beyond slavery, either in terms of experience or human capital. Southern wages were, in general, lower than Northern wages. However, West South Central laborers' wages were comparable to those in the middle Atlantic region, and after emancipation Southwestern black wages were higher than elsewhere, which may have improved Southern black material and biological conditions.
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The relative price of dairy and calcium were lowest in dairy producing regions, such as the Great Lake states, but nineteenth-century blacks were overwhelmingly native to the South, and the South was notoriously low in dairy production. 43 Northeastern blacks, especially youth, encountered adverse biological environments, and contemporary reports of rickets-a result of childhood vitamin D deficiency-may have contributed to shorter Northeastern black statures. 44 Migrants are typically taller than nonmigrants, and nineteenth-century black migrants-both before and after emancipation-were taller than nonmigrants. 45 
CONCLUSION
This article identifies an underexplored source for nineteenth-century black regional stature variation-insolation-and confirmed several others. Insolation is a measure for solar radiation and direct sunlight, which is necessary for vitamin D production, and vitamin D is related to both stature and skin pigmentation. Slavery facilitated the migration of millions of Africans to Northern latitudes where they may not have been biologically adapted to reach taller statures. For example, Africans are biologically adapted for taller statures on or near the equator, and while it is not possible to identify each slave's origin, African insolation was significantly greater than North American insolation.
46
The insolation variable also adds greater understanding to the long noted difference for why lighter pigmented African Americans were taller than darker pigmented African Americans. Mulattos had less melanin in their stratus corneum than darker blacks, which filtered out less sunlight and allowed mulattos to produce more vitamin D. However, after controlling for insolation and lighter complexions, mulattos 42 Rosenbloom, Looking for Work, pp. 53, Margo, Wages and Labor Markets; and Higgs, Competition and Coercion, pp. 26, 63, and 102. 43 Southern observers at the time reported that milk was fairly abundant in border states but in short supply in the Deep South. See Kiple and King, Another Dimension, p. 83; and Baten and Murray, "Heights Men and Women, 44 Kiple and Kiple, "Slave Child Mortality, and Tortolani et al., "Bone Mineral Density, " p. 62 . 45 Boas, Changes in Bodily Form; Sokoloff and Vilaflour, "Early Achievement of Modern Stature," p. 464 and 474; and Margo and Steckel, "The Nutrition and Health of Slaves," pp. 510-11. See also Steckel, "Slave Height Profiles," p. 372. 46 I am currently studying the nineteenth-century relationship between stature and insolation using other samples; I am also studying the nineteenth-century relationship between insolation and other health outcomes.
were consistently taller than blacks with darker complexions, and this article suggests a mulatto effect of a little over half a centimeter, which is similar to that observed by Robert Margo and Steckel. 47 Therefore, after controlling for insolation, the mulatto stature advantage persists, but part of the explanation for taller mulatto statures may have been biologically based. 47 Margo and Steckel, "Nutrition, " p. 511. 
